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RISK ANALYSISDOCUMENTATION
INTRODUCTION

The Federal Columbia River Power System (FCRPS), operated on behalf of the ratepayers of the
Pacific Northwest (PNW) by the Bonneville Power Administration (BPA) and other Federal
agencies, faces many uncertainties during the remainder of the Fiscal Y ear (FY) 2002-2006 rate
period. Among these uncertainties are variable hydro conditions and volatile market prices. In
order to provide a high probability of making its Treasury payments on time and in full during

the rate period, BPA performsthe Risk Analysis.

In this Risk Analysis, BPA identifies key risks, models their relationships, and then analyzes
their impacts on net revenues (revenues less expenses). BPA subsequently evaluates in the
ToolKit Model the impact that certain risk mitigation measures have on reducing its net revenue
risk so that BPA can develop rates that cover all its costs and provide a high probability of

making its Treasury payments on time and in full during the rate period.

The Risk Analysis focuses upon operating risks - variations in economic conditions, load, and
generation resource capability — and their impact on BPA’ s revenues and expenses. These
operating risks are modeled in RiskMod. RiskMod is a computer simulation model that
calculates firm and surplus energy revenues, balancing power purchase expenses, Fish Cost
Contingency Fund (FCCF) credits, and 4(h)(10)(C) credits under various load, resource, and

market price conditions to estimate BPA’ s operational net revenue risk.

The output from RiskMod yields a distribution of net revenue deviations that are input into the
ToolKit Model. The ToolKit Model uses the net revenue data to test the effectiveness of
implementing various risk mitigation measures in order to provide a high probability of BPA

making its Treasury payments on time and in full during the rate period.
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RiskMod uses the simulation methodology in the @RISK computer software package to assess
the impacts of adistribution of risk factors on net revenues. RiskMod quantifies the operating
risks associated with loads and resources performance for California, the PNW, and the Federal

system, in addition to those risks associated with natural gas prices.

This chapter describes the operation of RiskMod and its quantification of net revenue risks.
Chapter 7 of this Study Documentation describes how the net revenue results of the Risk

Analysis are used in the ToolKit Model.

6. OPERATIONAL RISK ANALYSISMODEL (RISKMOD)

6.1 RiskMod

The RiskMod Model is comprised of a set of risk simulation models collectively referred to as
RiskSim; a set of computer programs that manages data referred to as Data Manager; and
RevSim, amodel that calculates net revenues. Variations in monthly loads, resources, and
natural gas prices are simulated in RiskSim. Monthly electricity prices for the simulated loads,
resources, and natural gas prices are estimated by the AURORA Model. See Chapter 4 of the
Study. The Data Manager facilitates the format and movement of data that flow to and from
RiskSim, RevSim, and AURORA. RevSim usesrisk datafrom RiskSim, electricity prices from
AURORA, load and resource data from the L oads and Resources Study (see Chapter 2 of the
Study), various revenues and rates from the Revenue Forecast (see Chapter 5 of the Study), and
expenses from the Revenue Recovery (see Chapter 3 of the Study) to estimate net revenues.
Annual average surplus energy revenues, purchased power expenses, section 4(h)(10)(C) credits,
and FCCF credits calculated by RevSim are used in the Revenue Forecast. Net revenues

estimated for each ssimulation by RevSim are input into the ToolKit Model to calculate CRAC
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revenues. The processes and interactions between RiskMod and other models and studies are

depicted in Graph 6.1.

6.2 Risk Smulation Models (RiskSim)

To quantify the effects of operational risks, BPA has devel oped risk simulation models that
combine logic, econometrics, and probability distributions to quantify the ordinary operational
risks that BPA faces. Econometric modeling techniques are used to capture the dependency of
values through time. Parameters for the probability distributions are devel oped from historical
data. The values sampled from each probability distribution reflect their relative likelihood of
occurrence and are deviations from the base case values used in the AURORA Model and the

Revenue Forecast. See Chapters 4 and 5 of the Study.

The monthly output from these risk simulation models were accumulated into a computer file to
form arisk database which contains values lower than, higher than, or equal to the forecasted
values used in the AURORA Model and the Revenue Forecast. Id. Loads, resources, and
natural gas price risk data for each simulation were input into the AURORA Model to estimate
monthly Heavy Load Hour (HLH) and Light Load Hour (LLH) electricity prices. The prices
estimated by AURORA were then downloaded into the risk database and a consistent set of
loads, resources, and electricity prices were used to calculate net revenuesin RevSim. Therisk
models are run for 3000 simulations to produce monthly risk datafor FY 2003-2006 for this rate

filing.
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Graph 6.1: RiskMod Risk AnalysisInformation Flow

PNW (50 WY)), Federal

Aurora Modé€

Forecasted Natural Gas (50 W), & C"?"'f‘_’m'a v A
Prices, PNW & California Hydro Generation; —y
’ Federal HLH Hydro PNW HLH & LLH
Loads, and WNP-2 Output . - Revenue Loads &
Generation Shapes Average Electricity
i Forecast Resources
Sales Prices
AN - ’
Risk Data:
Gas Prices,
Risk Data: PNW & California

Natural Gas Prices,
PNW & California

Loads, WNP-2 output, [ (& Risk
PNW/Federal
& California Database)
Hydro Generation \A
Indexes

RiskMod Components

Data M anager

Hydro Gen & Loads

Risk Data:
Federal Hydro Gen,
HLH Hydro Shaping,

WNP-2 Output,
BPA Load Variability,
PNW HLH & LLH
Average Electricity
Sales Prices

N

Surplus Energy
Revenues, Power
Purchase Expenses,
4(h)(10)(C) & FCCF
Credits

3000 PBL Net Rev Risk
Simulations.

/

Rates &
Expenses

~a  TooKit Modd
—» TPP

SN-03-FS-BPA-02

Page 6-4

CRAC Revenues,




6.3 @RISK Computer Software

The risk simulation models devel oped to quantify operational risks were developed in the
@RISK computer software package. This software is an add-in computer package to Microsoft
Excel and is available from Palisade Corporation. @RISK allows statisticians to develop models
incorporating uncertainty in a spreadsheet environment. Uncertainty is incorporated by
specifying the type of probability distribution that best reflects the risk, providing the necessary
parameters required for devel oping the probability distribution, and letting @RISK sample
values from the probability distributions based on the parameters provided. The values sampled
from the probability distributions reflect their relative likelihood of occurrence. The parameters
required for appropriately capturing risk are not developed in @RISK, but are developed in
analyses external to @RISK.

6.4  Operational Risk Factors

In the course of doing business, BPA manages risks that are unique to operating a hydro system
aslarge asthe FCRPS. The variation in hydro generation due to the volume of water supply
from one year to the next can be substantial. BPA also faces other traditional operational risks
that increase BPA’ srisk exposure, including the following: load variability due to load growth
and weather; nuclear plant (CGS) performance; and variability in electricity prices due to load,
resource, and natural gas price variability. The following is adiscussion of the major risk factors

included in RiskMod.

6.5 PNW and Federal Hydro Generation Risk Factors

Federal hydro generation risk was incorporated into RiskMod to account for the impact that

various Federal hydro generation levels and HLH and LLH hydro generation shaping capability
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have on the quantity of energy that BPA hasto buy and sell during HLH and LLH periods.
PNW hydro generation risk isincorporated into the Risk Analysis to account for the impact that
various PNW hydro generation levels have on monthly HLH and LLH electricity prices
estimated by the AURORA Model. PNW and Federal hydro generation risk are incorporated
into the Risk Analysisin different ways for FY 2004-2006 than FY 2003.

6.5.1 Modeling FY 2004-2006 Hydro Risk. For FY 2004-2006, Federal and PNW hydro
generation risk were accounted for in the Risk Analysis by inputting into RiskMod and
AURORA monthly Federal and PNW hydro generation data for each of the historical 50 water
years (1929-1978) developed from running a continuous study in the HydroSim Model. See
Hydro Regulation component of the Loads and Resources Study (Chapter 2 of the Study),
regarding HydroSim, continuous study, and 50 water years. The term “continuous study” refers
to calculating hydro generation data sequentially over all 600 months of the 50 water year period.
Developing hydro generation datain such a continuous manner captures the risk associated with
various dry, normal, and wet weather patterns over time that are reflected in the 50 water year
period. For FY 2004, additional hydro generation adjustments were made to each of the

50 water year data from the continuous study for FY 2004 to reflect the outlook that storage
levels on the Federal Columbia River Power System may not refill in FY 2003. See Chapter 2 of

the Study, regarding FY 2004 hydro generation adjustments.

A consistent set of monthly Federal and PNW hydro generation data for hydro operationsin

FY 2004 are randomly sampled, by water year, from tables containing hydro generation values
for each of the 50 water years for 12 months of the year (50 X 12 tables). The 50 X 12 tables
were derived from 50 X 14 tables by averaging hydro generation data for the first and second
half of April and August. The ability of the FCRPS to shape average monthly hydro generation
into HLH hydro generation, for each water year, isincorporated into RiskMod by selecting from

a50 X 12 table of HLH ratios produced by the Hourly Operating and Scheduling Simulator
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(HOSS) Model. See Chapter 2 of the Study, regarding HOSS. The HLH ratios used are based
on the water year sampled for hydro generation and these ratios reflect the portion of average
energy that can be shaped into heavy load hours. Given the HLH ratios from HOSS, LLH ratios
are calculated in RevSim. See Chapter 2 of this Study Documentation, for tables of

FY 2004-2006 Federal and PNW hydro generation data, along with HLH ratios from HOSS and
hydro generation adjustments for FY 2004.

6.5.2 Sampling FY 2004 — FY 2006 Hydro Generation. Federal and PNW hydro generation
variability ismodeled in the Risk Analysis by randomly sampling, in the @RISK computer
software, each of the 50 water years (1929-1978) and using the associated hydro generation data
in the same continuous manner that the data are developed by HydroSim when performing a
continuous study. The random selection of theinitial water year (for FY 2004) is accomplished
by sampling real values ranging from 1929-1978 from a uniform probability distribution in arisk
simulation model and subsequently converting each number to the nearest integer values (whole
numbers). Given theinitial water year, the corresponding monthly Federal and PNW hydro
generation data and the HOSS HLH hydro generation ratios for that water year are selected for
thefirst year (FY 2004). The uniform probability distribution was selected for modeling hydro
generation risk because it appropriately assigns equal probability to each of the 50 water years
being sampled. Graph 6.2 reports the number of times that each of the 50 water years were
sampled from a uniform probability distribution for 3000 simulations. As shown in this graph,

each of the 50 water years was sampled 60 times.
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Observations

Graph 6.2: Number of Times PNW and Federal Hydro Generation
for the 50 Water Years were Sampled for FY's 2004-06 Based on 3000 Sampled Values
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After an initial water year is selected for FY 2004 for a given simulation, hydro generation data
for asequential set of three water years, starting with the water year selected for FY 2004, are
selected from water years 1929-1978. When the end of the 50 water yearsis reached (at the end
of water year 1978), monthly hydro generation datafor water year 1929 is subsequently used.
Thus, if asimulation starts with water year 1977, the simulation will use water years 1977 and
1978, aswell aswater year 1929, for atotal of three sequential water years. This approach was
used so that each of the 50 water years was sampled an equal number of times. Using Federal
and PNW hydro generation data in this continuous manner captures the risk associated with
various dry, normal, and wet weather patterns over time that are reflected in the 50 water years

of hydro generation data.

6.5.3 Modeling FY 2003 Hydro Risk. For FY 2003, Federal and PNW hydro generation risk
were accounted for in the Risk Analysis by inputting into RiskMod and AURORA monthly
Federal and PNW hydro generation datafor each of the historical 50 water years (1929-1978)
developed from running arefill study in the HydroSim Model. See Hydro Regulation
component of the Loads and Resources Study (Chapter 2 of the Study), regarding HydroSim,
refill study, and 50 water years. Theterm “refill study” refers to calculating hydro generation
data based on updated information about reservoir levels. Developing hydro generation datain

such this manner provides more accurate data regarding near-term hydro generation risk.

Consistent sets of monthly Federal and PNW hydro generation data for hydro operationsin

FY 2003 from the refill study are sampled from tables containing hydro generation values for
each of the 50 water years for 12 months of the year (50 X 12 tables). The 50 X 12 tables were
derived from 50 X 14 tables by averaging hydro generation data for the first and second half of
April and August. The ability of the FCRPS to shape average monthly hydro generation into
HLH hydro generation, for each water year, isincorporated into RiskMod by selecting from a

50 X 12 table of HLH ratios produced by the HOSS Model. The HLH ratios used are based on
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the water year sampled for hydro generation and these ratios reflect the portion of average
energy that can be shaped into heavy load hours. Given the HLH ratios from HOSS, LLH ratios
are calculated in RevSim. See Chapter 2 of this Study Documentation, for tables of FY 2003
Federal and PNW hydro generation data, along with HLH ratios from HOSS.

For FY 2003, the hydro generation data for each of the 50 water years were probability-weighted
in RiskMod so that the sampled hydro generation data yielded results consistent with the 2003
April-September runoff volume forecast (May Final Forecast) by the Northwest River Forecast
Center. See Hydro Regulation component of the Loads and Resources Study (Chapter 2 of the
Study) and Chapter 2 of this Study Documentation, for tables of FY 2003 Federal and PNW

hydro generation data, along with the associated probability weights.

6.5.4 Sampling FY 2003 Hydro Generation. FY 2003 Federal and PNW hydro generation
variability ismodeled in the Risk Analysis using the @Risk computer software. Thistask was
accomplished by developing a discrete probability distribution in @Risk that reflected the
probability of the April-September streamflow amounts (in MAF) for each of the 50 water years
occurring in FY 2003, consistent with the 2003 A pril-September runoff volume forecast (May
Final Forecast) by the Northwest River Forecast Center. The probabilities of various hydro
generation amounts was determined by sampling values from 1929 to 1978 (50 WY) at their
respective probability weights from the discrete probability distribution and selecting the
corresponding monthly Federal and PNW hydro generation data and the HOSS HLH hydro
generation ratios for each water year. Under this approach, several of the water years had

probability weights of zero.

The discrete probability distribution was selected for modeling hydro generation risk for
FY 2003 because it easily and accurately accommodates the exact probability weights associated

with the 2003 April-September runoff volume forecast. Graph 6.3 reports the number of times
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that each of the 50 water years were sampled for FY 2003 from the discrete probability

distribution for 3000 simulations.

6.5.5 Useof PNW Hydro Generation Risk in AURORA. Variability in PNW hydro
generation isincorporated into the AURORA Model by calculating (viathe Data Manager), from
monthly PNW hydro generation data for each of the 50 water years, PNW annual energy to
capacity ratios (using the total capacity value for all of the PNW in the AURORA Modél),
calculating PNW monthly to annual hydro generation ratios, and inputting this data into the
AURORA Model. See Chapter 4 of the Study, regarding the AURORA Model. These sets of
ratios are used by AURORA to calculate first the annual, and then the monthly hydro generation
for each of the three regions (Oregon/Washington, Idaho, Montana) for the PNW in AURORA.
This process results in the sum of the hydro generation for the three regionsin AURORA being

equal to the PNW hydro generation.

6.6 PNW and BPA Loads Risk Factors

PNW load uncertainty isincorporated into the Risk Analysis to account for the impact that PNW
load uncertainty has on monthly HLH and LLH electricity prices--which impacts BPA’s surplus
energy revenues and power purchase expenses. Thisimpact is accounted for by inputting into
the AURORA Model various PNW load values and having it estimate the associated HLH and
LLH electricity prices. See Chapter 4 of the Study, regarding the AURORA Model.

BPA load uncertainty isincorporated into the Risk Analysis to account for the impact that
monthly PF load variability has on PF revenues, surplus energy revenues, and power purchase
expenses. Thisimpact is accounted for by inputting into RevSim various monthly load

variability values that modify the amount of PF loads served by BPA.
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6.6.1 PNW and BPA Load Variability. Only monthly PNW load variability is modeled in
the PNW Load Risk Model. BPA monthly load variability is derived such that the same

percentage changes in PNW loads are used to quantify BPA load variability.

The PNW Load Risk Model is designed to incorporate forecasted monthly load data from the
AURORA Model such that, when no risk is being simulated, the forecasted monthly loads match
the sum of the forecasted |oads for the three regions (Oregon/Washington, |daho, and Montana)
that comprise the PNW in the AURORA Model. This process resultsin the simulated loads
reflecting variability in loads relative to the forecasted loads used in AURORA. See Chapter 4
of the Study, regarding the AURORA Model.

Variability in monthly BPA loads is derived from simulated PNW loads by dividing simulated
loads by forecasted PNW loads to obtain ratios that are values relative to 1.00 (when the
simulated loads equal the forecasted loads). For instance, avalue of 1.05 trandatesinto a

5 percent increase in PNW loads and into a5 percent increase in BPA loads.

PNW (and indirectly BPA) load variability is modeled in the PNW Load Risk Model such that
annual load growth variability and monthly load swings due to weather conditions are both
accounted for in one PNW load variability factor. Thistask isaccomplished by first simulating
annual load growth for years from 2003-2006 and then, subsequently, simulating the impact of

monthly load swings due to weather on the simulated monthly loads that include load growth.

6.6.2 PNW and BPA Annual Load Growth Risk. PNW (and indirectly BPA) annual load
growth risk is modeled using arandom-walk technique. This quantitative method simulates
various annual average load levels through time with the starting point for simulating annual
average load in a given year being the annual average load level from the previous year. Under

this method, simulated annual average loads randomly increase and decrease through time from
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the annual average load level of the prior year with the results including outcomes that represent
periods of strong load growth, weak load growth, and vacillating positive and negative load

growth.

Input data from the AURORA Model used in the PNW Load Risk Model are the following:

(1) annual average 2002 PNW load; (2) forecasted annual load growth for 2003-2006; and

(3) monthly load shaping factors (values relative to 1.00) that were derived for usein AURORA
by dividing historical monthly loads by historical annual average loads. See Chapter 4 of the
Study, regarding the AURORA Model. Inputting the data used by the AURORA Model allows
the PNW Load Risk Model to replicate the forecasted monthly PNW loadsin AURORA.

Load growth variability isincorporated into the PNW Load Risk Model by sampling values from
standard normal distributions (normal distributions with a mean of zero and a standard deviation
of one) in @RISK, multiplying the sampled values by an annual load growth standard deviation,
and adding the simulated positive and negative values to the annual load level of the prior year.
The values sampled from the standard normal distribution are in terms of the number of positive
or negative standard deviations. Variability in monthly loads due to load growth risk is derived
by multiplying variable annual |oads by deterministic monthly load shape factors. The annual
load growth standard deviation used in the PNW Load Risk Model is 2.4 percent, which was
derived from historical Western Electricity Coordinating Council (WECC, formerly called the
WSCC) load data from 1982-1998 for the Northwest Power Pool Area. The source of this data
was a publication by the WECC titled, 10-Y ear Coordinated Plan Summary 1999-2008, Planning
and Operation for Electric System Reliability, Western Systems Coordinating Council, October
1999, at 60. The historical WECC load data and the annual load growth standard deviation
calculations by BPA are reported in Tables 6.1 and 6.2.
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Table 6.1: Historical WSCC Load Data (Calendar Year)

| | | | | |
Thousands of GWh aMW
Arizona Arizona
Northwest Rocky New Mexico  California Northwest Rocky New Mexico  California
Power Pool| Mountain | So. Nevada Mexico WSCC Power Mountain = So. Nevada Mexico WSCC
Year Area Power Area Power Area Power Area Total Pool Area | Power Area Power Area Power Area | Total
1982 234.8 31.28 42.72 188.0 496.8 26,804 3,571 4,877 21,461 56,712
1983 235.3 31.81 44.08 188.0 499.2 26,861 3,631 5,032 21,461 56,985
1984 250.9 33.09 46.70 205.2 535.9 28,642 3,777 5,331 23,425 61,175
1985 257.3 35.40 50.64 209.7 553.0 29,372 4,041 5,781 23,938 63,132
1986 253.4 34.82 51.46 216.3 556.0 28,927 3,975 5,874 24,692 63,468
1987 262.4 35.36 63.42 214.6 575.8 29,954 4,037 7,240 24,498 65,728
1988 280.2 37.03 67.48 223.3 608.0 31,986 4,227 7,703 25,491 69,408
1989 291.4 38.02 71.25 229.1 629.8 33,265 4,340 8,134 26,153 71,892
1990 301.1 38.49 74.54 236.7 650.8 34,372 4,394 8,509 27,021 74,296
1991 305.2 38.44 75.71 230.6 650.0 34,840 4,388 8,643 26,324 74,195
1992 307.6 39.99 77.90 236.7 662.2 35,114 4,565 8,893 27,021 75,592
1993 312.8 40.55 80.42 235.6 669.4 35,708 4,629 9,180 26,895 76,412
1994 316.3 42.05 86.05 243.7 688.1 36,107 4,800 9,823 27,820 78,550
1995 318.3 43.42 87.66 240.5 689.9 36,336 4,957 10,007 27,454 78,753
1996 334.2 43.92 94.72 248.7 721.5 38,151 5,014 10,813 28,390 82,368
1997 332.1 47.08 98.53 256.9 734.6 37,911 5,374 11,248 29,326 83,860
1998 342.9 48.07 97.36 254.6 742.9 39,144 5,487 11,114 29,064 84,809
Note: Fc‘)r the reason‘describe belt‘)w, California‘l load growth‘variability WT.S calcu‘lated using (‘jatafrom 1987-98.
Prior to 1997, the Southern Nevada reporting-area data were included in the California sub-area data.

The Arizona-New Mexico-Southern Nevada Power Area and California-Mexico Power Area data, prior to 1987,

have not been adjusted for the Southern Nevada reporting-area change
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Table 6.2: PNW and California Annual Load Variability Computations

Northwest = Change From California Change From
Power Pool Prior Year Mexico Power Prior Year 1987
Year Area 1982-98 Year Area 98
1982 26,804 1987 24,498

1983 26,861 0.002 1988 25,491 0.041

1984 28,642 0.066 1989 26,153 0.026

1985 29,372 0.026 1990 27,021 0.033

1986 28,927 -0.015 1991 26,324 -0.026

1987 29,954 0.036 1992 27,021 0.026

1988 31,986 0.068 1993 26,895 -0.005

1989 33,265 0.040 1994 27,820 0.034

1990 34,372 0.033 1995 27,454 -0.013

1991 34,840 0.014 1996 28,390 0.034

1992 35,114 0.008 1997 29,326 0.033

1993 35,708 0.017 1998 29,064 -0.009
1994 36,107 0.011
1995 36,336 0.006
1996 38,151 0.050
1997 37,911 -0.006
1998 39,144 0.033

Avg 0.024 Avg 0.016

StDev 0.024 StDev 0.024

Min -0.015 Min -0.026

Max 0.068 Max 0.041
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6.6.3 PNW and BPA Load Risk Dueto Weather Conditions. Monthly PNW (and indirectly
BPA) load variability due to weather conditionsis quantified by first sampling values from
standard normal distributionsin @RISK, then multiplying the sampled values by monthly PNW
load standard deviations, and finally adding the resulting positive and negative values to the
simulated loads after load growth.

The monthly PNW load standard deviations are derived from utility-specific, monthly historical
daily load standard deviations and 2005 forecasted loads for PNW utilities used as input datain
PMDAM when performing the MCA in the 1996 rate case (see MCA Study Documentation,
WP-96-FS-BPA-04A, Part 2 of 2; pages 305 and 257). This derivation is accomplished by
calculating composite, load-weighted, monthly load standard deviations from utility-specific,

daily load standard deviations (for the 12 months of the year) and annual average load data.

6.6.4 Derivation of PNW/BPA Monthly Load Variability Dueto Weather Conditions.
BPA assumes, for rate setting purposes, that daily weather patterns over the course of a month
are independent and that each day of a given month has the same daily load standard deviation.
Accordingly, BPA used the following statistical equation to derive monthly load standard
deviations from daily load standard deviations for each month. The statistical equation for
calculating the standard deviation for the average of “n” number of independent random

variables is the following:

Where:
O-X

isthe standard deviation for all independent random variables
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ﬁ isthe number of independent random variables

In the case of BPA’s analysis, the number of independent random variables is the number of
days in amonth and the standard deviation for all the independent random variablesisthe daily
load standard deviations for each month. The PNW monthly load standard deviations for each

month are derived by inserting values for the number of daysin each month and the daily load

standard deviations for each month into the equation above.

Table 6.3 contains the cal culations performed to derive PNW monthly load standard deviations
from daily load standard deviations for each month. These monthly load standard deviations are
input into the PNW Load Risk Model to quantify monthly load variability due to weather.

Table 6.4 contains a copy of the PNW Load Risk Model. Results from this risk model are shown
in Graph 6.4 for the 5™, 50", and 95™ percentiles.

6.6.5 Useof Simulated PNW Loadsin AURORA. TheHLH and LLH €electricity prices
associated with changes in PNW monthly |oads are estimated in the AURORA Model by
inputting PNW load data simulated by the PNW Load Risk Model. This process involves
calculating (viathe Data Manager) monthly load ratios (monthly loads divided by the annual
average loads) from monthly and annual load data simulated by the PNW Load Risk Model and
then inputting the monthly ratios and annual average energy loads into the AURORA Model for
each simulation. See Chapter 4 of the Study, regarding the AURORA Model. These dataare
input into AURORA to calculate annual and monthly loads for each of the three PNW regions
(Oregon/Washington, Idaho, and Montana) in AURORA. This process resultsin the sum of the
loads for the three PNW regions in AURORA being equal to the simulated PNW |oads from the
PNW Load Risk Model.
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Table 6.3: Derivation of Load-Weighted, Monthly Load Standard Deviations for PNW

PNW
Loads
CY 2005 Daily Load Standard Deviations

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
PGE PGEFRM 2057 0.10 0.10 0.08 0.09 0.08 0.08 0.11 0.08 0.09 0.09 0.09 0.10
PP&L PPLFRM 2462 0.12 0.13 0.10 0.13 0.12 0.10 0.16 0.11 0.12 0.12 0.12 0.13
(e][e]V] OIOFRM 2772 0.07 0.09 0.05 0.07 0.06 0.07 0.08 0.06 0.07 0.06 0.07 0.07
GPUB GPUFRM 2827 0.08 0.08 0.07 0.08 0.09 0.07 0.08 0.07 0.08 0.09 0.08 0.09
BPA BPAFRM 3740 0.09 0.09 0.06 0.07 0.06 0.05 0.06 0.06 0.07 0.08 0.09 0.10
Olou PSPL 2673 0.09 0.10 0.07 0.10 0.08 0.06 0.07 0.06 0.07 0.09 0.09 0.09
GPUB COPOSN 1499 0.09 0.08 0.06 0.08 0.08 0.08 0.14 0.04 0.07 0.07 0.07 0.10
BPA DSIFRM 1061 0.02 0.01 0.01 0.02 0.01 0.02 0.01 0.01 0.05 0.01 0.01 0.01
BPA DSI2Q 2122 0.02 0.01 0.01 0.02 0.01 0.02 0.01 0.01 0.05 0.01 0.01 0.01
BPA DSINFM 0 0.02 0.01 0.01 0.02 0.01 0.02 0.01 0.01 0.05 0.01 0.01 0.01

Total PNW 21213
Loads
CY 2005 Daily Load Variances

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
PGE PGEFRM 2057 0.0100 0.0100 0.0064 0.0081 0.0064 0.0064 0.0121 0.0064 0.0081 0.0081 0.0081  0.0100
PP&L PPLFRM 2462 0.0144 0.0169 0.0100 0.0169 0.0144 0.0100 0.0256  0.0121  0.0144 0.0144 0.0144 0.0169
(e][e]V] OIOFRM 2772 0.0049 0.0081 0.0025 0.0049 0.0036 0.0049 0.0064 0.0036 0.0049 0.0036 0.0049 0.0049
GPUB GPUFRM 2827 0.0064 0.0064 0.0049 0.0064 0.0081 0.0049 0.0064 0.0049 0.0064 0.0081 0.0064 0.0081
BPA BPAFRM 3740 0.0081 0.0081 0.0036 0.0049 0.0036 0.0025 0.0036 0.0036 0.0049 0.0064 0.0081  0.0100
(e][e]V] PSPL 2673 0.0081 0.0100 0.0049 0.0100 0.0064 0.0036 0.0049 0.0036 0.0049 0.0081 0.0081  0.0081
GPUB COPOSN 1499 0.0081 0.0064 0.0036 0.0064 0.0064 0.0064 0.0196 0.0016 0.0049 0.0049 0.0049 0.0100
BPA DSIFRM 1061 0.0004 0.0001 0.0001 0.0004 0.0001 0.0004 0.0001 0.0001 0.0025 0.0001 0.0001 0.0001
BPA DSI2Q 2122 0.0004 0.0001 0.0001 0.0004 0.0001 0.0004 0.0001 0.0001 0.0025 0.0001 0.0001 0.0001
BPA DSINFM 0 0.0004 0.0001 0.0001 0.0004 0.0001 0.0004 0.0001 0.0001 0.0025 0.0001 0.0001 0.0001

Total PNW 21213

Number of Days Per Month 31 28 31 30 31 30 31 31 30 31 30 31
Weighted Daily Load Variances 0.0072 0.0080 0.0043 0.0069 0.0058 0.0045 0.0085 0.0044 0.0062 0.0065 0.0068 0.0082
Weighted Daily Load Standard Deviations 0.0849 0.0894 0.0654 0.0829 0.0758 0.0669 0.0921 0.0661 0.0784 0.0807 0.0822  0.0903
Monthly Load Standard Deviations 0.0153 0.0169 0.0118 0.0151 0.0136 0.0122 0.0165 0.0119 0.0143 0.0145 0.0150 0.0162
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Table 6.4: PNW Load Risk Model for 2003 - 2006

PNW Load Variability

PNW Load Growth Uncertainty:

Forecasted Calendar Year (2002) Annual Average PNW Loads 21,221
Forecasted PNW Load Growth for 2002; Source: Aurora 0.00%
Forecasted PNW Load Growth for 2003; Source: Aurora 2.61%
Forecasted PNW Load Growth for 2004; Source: Aurora 1.73%
Forecasted PNW Load Growth for 2005; Source: Aurora 1.97%
Forecasted PNW Load Growth for 2006; Source: Aurora 1.80%
Load Growth Std Dev; Source: PMDAM 2.40%
Estimated Base Case Loads Std Normal Dist

CY 2002 21,221 0.0

CY 2003 21,775 0.0

CY 2004 22,152 0.0

CY 2005 22,588 0.0

CY 2006 22,995 0.0

Load Growth Dev from any specified forecasted load level

CY 2002 21221

CY 2003 21775

CY 2004 22152

CY 2005 22588

CY 2006 22995
PNW Load Variability Due to Load Growth Uncertainty Calendar Year 2003

Jan '03 Feb'03 Mar'03 Apr'03 May ‘03 Jun'03 Jul'03 Aug'03 Sep'03 Oct'03 Nov'03 Dec'03 Average

Average Annual PNW Loads (Average Energy in aMW) 21775 21775 21775 21775 21775 21775 21775 21775 21775 21775 21775 21775
PNW Monthly Load Shapes (Source: AURORA) 1.138 1.108 1.010 0.940 0.921 0.935 0.959 0.942 0.911 0.940 1.063 1.139
Simulated Monthly PNW Loads (Average Energy in aMW) 24785 24123 21997 20471 20063 20355 20872 20502 19843 20461 23156 24792 21,785 aMW

PNW Load Variability Due to Load Growth and Weather Uncertainty

Jan'03 Feb'03 Mar'03 Apr'03 May'03 Jun'03 Jul'03 Aug'03 Sep'03 Oct'03 Nov'03 Dec'03

PNW Loads after Load Growth (Average Energy in aMW) 24785 24123 21997 20471 20063 20355 20872 20502 19843 20461 23156 24792 21,785 aMW
Monthly Load Standard Deviation (Derived, Via Simulation,
from Daily Load Standard Deviations in PMDAM) 153% 1.69%  1.18%  151% 1.36% 122% 165% 1.19% 1.43% 145% 150% 1.62%

Random PNW Loads (Average Energy in aMW) 24,785 24,123 21,997 20,471 20,063 20,355 20,872 20,502 19,843 20,461 23,156 24,792 21,785 aMW
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Table 6.4: PNW Load Risk Model for 2004 (Continued)

PNW Load Variability

PNW Load Variability Due to Load Growth Uncertainty

Jan '04
Average Annual PNW Loads (Average Energy in aMW) 22152
PNW Monthly Load Shapes (Source: AURORA) 1.138
Simulated Monthly PNW Loads (Average Energy in aMW) 25213

PNW Load Variability Due to Load Growth and Weather Uncertainty

Jan '04

PNW Loads after Load Growth (Average Energy in aMW) 25213
Monthly Load Standard Deviation (Derived, Via Simulation,

from Daily Load Standard Deviations in PMDAM) 1.53%

Random PNW Loads (Average Energy in aMW) 25,213

Calendar Year 2004

Feb '04
22152
1.108
24541

Feb '04
24541

1.69%
24,541

Mar '04
22152
1.010
22378

Mar '04
22378

1.18%
22,378

Apr '04
22152
0.940
20826

Apr '04
20826

1.51%
20,826
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May '04
22152
0.921
20410

May '04
20410

1.36%
20,410

Jun '04
22152
0.935
20707

Jun '04
20707

1.22%
20,707

Jul'04
22152
0.959
21233

Jul '04
21233

1.65%
21,233

Aug '04
22152
0.942
20856

Aug '04
20856

1.19%
20,856

Sep '04
22152
0.911
20186

Sep '04
20186

1.43%
20,186

Oct '04
22152
0.940
20815

Oct '04
20815

1.45%
20,815

Nov '04
22152
1.063
23557

Nov '04
23557

1.50%
23,557

Dec '04
22152
1.139
25221

Dec '04
25221

1.62%
25,221

Average

22,162 aMW

22,162 aMW

22,162 aMW



Table 6.4: PNW Load Risk Model for 2005 (Continued)

PNW Load Variability

PNW Load Variability Due to Load Growth Uncertainty

Jan '05
Average Annual PNW Loads (Average Energy in aMW) 22588
PNW Monthly Load Shapes (Source: AURORA) 1.138
Simulated Monthly PNW Loads (Average Energy in aMW) 25710
PNW Load Variability Due to Load Growth and Weather Uncertainty
Jan '05
PNW Loads after Load Growth (Average Energy in aMW) 25710
Monthly Load Standard Deviation (Derived, Via Simulation,
from Daily Load Standard Deviations in PMDAM) 1.53%
Random PNW Loads (Average Energy in aMW) 25,710

Calendar Year 2005

Feb '05
22588
1.108
25024

Feb '05
25024

1.69%
25,024

Mar '05
22588
1.010
22819

Mar '05
22819

1.18%
22,819

Apr '05
22588
0.940
21236

Apr '05
21236

1.51%
21,236
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May '05
22588
0.921
20812

May '05
20812

1.36%
20,812

Jun '05
22588
0.935
21115

Jun '05
21115

1.22%
21,115

Jul '05
22588
0.959
21652

Jul '05
21652

1.65%
21,652

Aug '05
22588
0.942
21267

Aug '05
21267

1.19%
21,267

Sep '05
22588
0.911
20583

Sep '05
20583

1.43%
20,583

Oct '05
22588
0.940
21225

Oct '05
21225

1.45%
21,225

Nov '05
22588
1.063
24021

Nov '05
24021

1.50%
24,021

Dec '05 Average
22588
1.139
25718 22,598 aMW

Dec '05
25718 22,598 aMW

1.62%
25,718 22,598 aMW



Table 6.4: PNW Load Risk Model for 2006 (Continued)

PNW Load Variability

PNW Load Variability Due to Load Growth Uncertainty

Jan '06
Average Annual PNW Loads (Average Energy in aMW) 22995
PNW Monthly Load Shapes (Source: AURORA) 1.138
Simulated Monthly PNW Loads (Average Energy in aMW) 26173

PNW Load Variability Due to Load Growth and Weather Uncertainty

Jan '06

PNW Loads after Load Growth (Average Energy in aMW) 26173
Monthly Load Standard Deviation (Derived, Via Simulation,

from Daily Load Standard Deviations in PMDAM) 1.53%

Random PNW Loads (Average Energy in aMW) 26,173

Calendar Year 2006

Feb '06
22995
1.108
25474

Feb '06
25474

1.69%
25,474

Mar '06
22995
1.010
23230

Mar '06
23230

1.18%
23,230

Apr '06
22995
0.940
21618

Apr '06
21618

1.51%
21,618
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May '06
22995
0.921
21187

May '06
21187

1.36%
21,187

Jun '06
22995
0.935
21495

Jun '06
21495

1.22%
21,495

Jul '06
22995
0.959
22041

Jul '06
22041

1.65%
22,041

Aug '06
22995
0.942
21650

Aug '06
21650

1.19%
21,650

Sep '06
22995
0.911
20954

Sep '06
20954

1.43%
20,954

Oct '06
22995
0.940
21607

Oct '06
21607

1.45%
21,607

Nov '06
22995
1.063
24453

Nov '06
24453

1.50%
24,453

Dec '06
22995
1.139
26181

Dec '06
26181

1.62%
26,181

Average

23,005 aMW

23,005 aMW

23,005 aMW



Load (aMW)

Graph 6.4: Simulated PNW Loads for 2003 - 2006
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6.7  CaliforniaHydro Generation Risk Factor

California hydro generation risk is incorporated into the Risk Analysisto account for the impact
that variability in California hydro generation has on monthly HLH and LLH €electricity prices--

which impacts BPA’ s surplus energy revenues and power purchase expenses.

6.7.1 Modeling Hydro Risk. California hydro generation risk for FY 2003-2006 is
incorporated into the Risk Analysis by sampling 18 years of historical monthly California hydro
generation data and estimating the associated monthly HLH and LLH €electricity pricesin the
AURORA Model. See Chapter 4 of the Study, regarding the AURORA Model. The historical
monthly California hydro generation data used to incorporate risk were collected from reports
published by the Energy Information Administration (EIA) for 1980-1997. These data are
reported in Table 6.5.

6.7.2 Sampling Hydro Generation. Californiahydro generation risk is modeled in RiskMod
by randomly sampling, in the @RISK computer software, values from 1 to 18 (which represent
each of the 18 hydro generation years) and using the associated hydro generation datain a
continuous manner like that used for the 50 water year analysis. The random selection of the
initial hydro generation year (for FY 2003) is accomplished by sampling real values ranging
from 1 to 18 from a uniform probability distribution in arisk simulation model and subsequently
converting each number to the nearest integer value (whole numbers). Given the sampled hydro
generation year, the corresponding monthly California hydro generation datafor that year are

selected for FY 2003.

Graph 6.5 reports the number of times that each of the 18 years of hydro generation data were
sampled from a uniform probability distribution for 3000 simulations. The uniform probability

distribution was selected for use in the risk ssmulation model because it appropriately assigns
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Table 6.5: California Hydro Generation for 1980 - 1997

FY Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
1 1980 2983 2486 3179 5011 5351 6007 5438 5128 4957 5087 4858 4418
2 1981 3210 3132 3142 2450 2701 2894 3471 3633 3931 4043 3667 3243
3 1982 2179 3167 5336 5649 5884 6243 6757 6800 6332 5809 5587 5146
4 1983 4036 4933 5649 5778 6903 7276 7075 7563 7547 6945 6302 5601
5 1984 4668 5338 6956 6786 5430 5250 5222 5110 5375 5517 5235 4501
6 1985 3261 3315 3950 3195 3594 3522 4176 4366 3943 4501 3962 3476
7 1986 3114 3276 3062 3215 4975 6784 5851 5423 5701 5621 4812 4721
8 1987 3750 3274 2710 2011 2342 2446 3118 3230 3322 3923 3548 3081
9 1988 2422 1951 2214 2327 2115 2392 2764 2792 3524 4238 3687 2779
10 1989 1677 1858 1887 1421 2060 3349 4318 4313 4557 5048 4415 3149
11 1990 2605 2665 2454 1995 1671 2656 3128 3164 3428 4081 3712 2692
12 1991 2522 1828 1626 1267 1146 1626 1978 2293 3711 3992 3398 2879
13 1992 2157 1664 1776 1478 1767 1991 2369 3071 2978 3106 2559 2078
14 1993 1687 1424 1704 2403 3463 5177 5785 6293 6650 5819 5071 3604
15 1994 2878 2515 2703 1767 1708 2409 2713 3226 3860 3989 3599 2403
16 1995 1875 1465 2203 3738 5443 6431 7339 7484 7507 6694 6121 4915
17 1996 3853 2910 2591 3013 5684 6597 6871 6954 6089 5442 4883 3688
18 1997 3003 2926 5204 5597 5923 5171 4896 5321 5489 5245 4796 3838

Source: Energy Information Administration (EIA) - Electric Power Monthly, Table 11. Electric Utility Hydroelectric Net Generation by Census Division and State, 1980 - 1997
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equal probability to each of the 18 years of data being sampled. The average number of times
that each hydro generation year could have been sampled for 3000 simulationsis 166.7
(3000/18). Theseresultsin Graph 6.5 indicate that all years, except for 1981, were sampled

either 166 or 167 times. The hydro generation data for 1981 were sampled 168 times.

After theinitial year is selected for FY 2003 for a given simulation, hydro generation data for a
sequential set of four years of data, starting with the hydro generation year selected for FY 2003,
are selected from 1 through 18. When the end of the data is reached (at the end of 18), monthly
hydro generation data for hydro generation year 1 is subsequently used. Thus, if asimulation
starts with hydro generation data for hydro generation year 17, the simulation will use hydro
generation data for years 17 and 18, aswell asyears 1 and 2, for atotal of four sequential years
of hydro generation data. This approach was used so that each of the 18 years of California
hydro generation data were sampled an equal number of times. Using historical California hydro
generation data in this continuous manner captures the risk associated with various dry, normal,

and wet weather patterns over time that are reflected in the 18 years of hydro generation data.

6.7.3 Useof California Hydro Generation Risk in AURORA. Variability in California
hydro generation is incorporated into the AURORA Model by calculating (viathe Data
Manager), from monthly California hydro generation datafor 18 years, California annual
energy-to-capacity ratios (using the total hydro capacity value for al of Californiain the
AURORA Model), and calculating California monthly to annual hydro generation ratios. These
data are input into the AURORA Model. See Chapter 4 of the Study, regarding the AURORA
Model. These sets of ratios are used by AURORA to cal culate the annual and then the monthly
hydro generation for each of the two California regions (northern and southern California) in
AURORA. This process results in the sum of the hydro generation for the two California

regionsin AURORA being equal to the historical monthly California hydro generation.
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6.8 California Loads Risk Factor

Californiaload uncertainty isincorporated into the Risk Analysis to account for the impact that
Californiaload uncertainty has on monthly HLH and LLH €electricity prices, which impacts
BPA’s surplus energy revenues and power purchase expenses. Thisimpact is accounted for by
inputting into the AURORA Model various Californiaload values and having it estimate the
associated HLH and LLH electricity prices. See Chapter 4 of the Study, regarding the AURORA
Model.

The California Load Risk Model is designed to incorporate forecasted monthly load data from
the AURORA Model such that, when no risk is being simulated, the forecasted monthly loads
match the sum of the forecasted |oads for the two regions (southern and northern California) that
comprise Californiain the AURORA Model. This process resultsin the simulated loads
reflecting variability in loads relative to the forecasted loads used in AURORA. 1d.
Californiaload variability is modeled in the California Load Risk Model such that annual 1oad
growth variability and monthly load swings due to weather conditions are both accounted for in
one Californiaload variability factor. Thistask isaccomplished by first ssimulating annual load
growth for years from 2003-2006 and then, subsequently, simulating the impact of monthly load

swings due to weather on the simulated monthly loads that include load growth.

6.8.1 Annual CaliforniaLoad Growth Risk. Annual Californiaload growth risk is modeled
using arandom-walk technique. This quantitative method simulates various annual average load
levels through time with the starting point for simulating the annual average load in a given year
being the annual average load level from the previous year. Under this method, simulated annual
average loads randomly increase and decrease through time from the annual average load level
of the prior year with the results including outcomes that represent periods of strong load growth,

weak load growth, and vacillating positive and negative |load growth.
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Input data from the AURORA Model used in the CaliforniaLoad Risk Model are the following:
(1) annual average 2002 Californialoads; (2) forecasted annual load growth for 2003—-2006; and
(3) monthly load shaping factors (values relative to 1.00) that were derived for usein AURORA
by dividing historical monthly loads by historical annual average loads. See Chapter 4 of the
Study, regarding the AURORA Model. Inputting the data used by the AURORA Model allows
the CaliforniaLoad Risk Model to replicate the forecasted monthly Californialoadsin
AURORA.

Load growth variability isincorporated into the California Load Risk Model by sampling values
from standard normal distributions (normal distributions with amean of 0 and a standard
deviation of 1) in @RISK, multiplying the sampled values by an annual load growth standard
deviation, and adding the simulated positive and negative values to the annual load level of the
prior year. The values sampled from the standard normal distribution are in terms of the number
of positive or negative standard deviations and they are identical to the values sampled from the
standard normal distributions used to estimate load growth risk for the PNW. By using this
approach, positive/negative load growth due to the economy in Californiais directly linked with
positive/negative load growth in the PNW due to the economy. Variability in monthly loads due
to load growth variability is derived by multiplying variable annual loads by deterministic
monthly load shape factors. The annual load growth standard deviation used in the California
Load Risk Modél is 2.4 percent, which was derived from WECC load data from 1987-1998 for
the CalifornialMexico Power Area. The source of this data was a publication by the WECC
titled, 10-Y ear Coordinated Plan Summary 1999-2008, Planning and Operation for Electric
System Reliability, Western Systems Coordinating Council, October 1999, at 60. The historical
WECC load data and the annual load growth standard deviation calculations by BPA are
reported in Tables 6.1 and 6.2.
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6.8.2 CaliforniaLoad Risk Dueto Weather Conditions. Monthly Californiaload variability
due to weather conditions is quantified by first sampling values from standard normal
distributions in @RISK, then multiplying the sampled values by monthly load standard
deviations, and finally adding the resulting positive and negative values to the smulated loads
after load growth.

The monthly Californiaload standard deviations are derived from utility-specific, monthly
historical daily load standard deviations and 2005 forecasted loads for California utilities used as
input datain PMDAM when performing the MCA in the 1996 rate case (see MCA Study
Documentation, WP-96-FS-BPA-04A, Part 2 of 2; pages 305 and 256). Thisderivationis
accomplished by calculating composite, load-weighted, monthly load standard deviations from
utility specific, daily load standard deviations (for the 12 months of the year) and annual average
load data.

6.8.3 Derivation of California Monthly Load Variability Dueto Weather Conditions.
BPA assumes, for Rate setting purposes, that daily weather patterns over the course of amonth
are independent and that each day of a given month has the same daily load standard deviation.
Accordingly, BPA used the following statistical equation to derive monthly load standard
deviations from daily load standard deviations for each month. The statistical equation for
calculating the standard deviation for the average of “n” number of independent random

variables is the following:

Where:
O-X

is the standard deviation for all independent random variables
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n

isthe number of independent random variables

In the case of BPA’s analysis, the number of independent random variables is the number of
days in amonth and the standard deviation for all the independent random variablesisthe daily
load standard deviations for each month. The California monthly load standard deviations for
each month are derived by inserting values for the number of daysin each month and the daily

load standard deviations for each month into the equation above.

Daily Californiaload standard deviations for each month and the resulting California monthly
load standard deviations are reported in Table 6.6. These monthly load standard deviations are
input into the California Load Risk Model to quantify monthly load variability due to weather in
RiskSim. Table 6.7 contains a copy of the California Load Risk Model. Results from this risk

model are shown in Graph 6.6 for the 5", 50", and 95" percentiles.

6.8.4 Useof Simulated CaliforniaLoadsin AURORA. TheHLH and LLH electricity prices
associated with changes in California monthly loads are estimated in the AURORA Model by
inputting Californiaload data ssmulated by the CaliforniaLoad Risk Model. See Chapter 4 of
the Study, regarding the AURORA Model. This processinvolves calculating (viathe Data
Manager) monthly load ratios (monthly loads divided by the annual average loads) from monthly
and annual load data simulated by the California Load Risk Model and then inputting the
monthly ratios and annual average energy loads into the AURORA Model for each simulation.
These data are input into AURORA to calculate annual and monthly loads for each of the two
Californiaregions (southern and northern California) in AURORA. This process resultsin the
sum of the loads for the two Californiaregionsin AURORA being equal to the smulated
Californialoads from the California Load Risk Model.
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Table 6.6: Derivation of Load-Weighted, Monthly Load Standard Deviations for California

California
Loads
CY 2005 Daily Load Standard Deviations

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
SCE SCEFRM 11497 0.09 0.09 0.09 0.09 0.10 0.10 0.10 0.09 0.11 0.09 0.09 0.09
SCE AAAFRM 423 0.09 0.09 0.09 0.09 0.10 0.10 0.10 0.09 0.11 0.09 0.09 0.09
SCE BCRVFM 420 0.09 0.09 0.09 0.09 0.10 0.10 0.10 0.09 0.11 0.09 0.09 0.09
SCE DWRFRM 910 0.09 0.09 0.09 0.09 0.10 0.10 0.10 0.09 0.11 0.09 0.09 0.09
LADWP LADFRM 3366 0.09 0.09 0.10 0.10 0.10 0.11 0.12 0.11 0.12 0.11 0.10 0.09
SDG&E SDEFRM 2319 0.07 0.08 0.07 0.07 0.08 0.09 0.09 0.09 0.10 0.08 0.07 0.07
osC BGPFRM 442 0.09 0.08 0.09 0.09 0.10 0.10 0.11 0.10 0.11 0.10 0.09 0.09
0oscC IIDOFM 474 0.09 0.08 0.09 0.09 0.10 0.10 0.11 0.10 0.11 0.10 0.09 0.09
PG&E PG&FRM 10987 0.07 0.07 0.07 0.07 0.09 0.09 0.09 0.08 0.09 0.07 0.07 0.07
ONC NCPFRM 393 0.07 0.07 0.07 0.07 0.09 0.09 0.09 0.08 0.09 0.07 0.07 0.07
ONC REDFRM 130 0.07 0.07 0.07 0.07 0.09 0.09 0.09 0.08 0.09 0.07 0.07 0.07
ONC SNCFRM 305 0.07 0.07 0.07 0.07 0.09 0.09 0.09 0.08 0.09 0.07 0.07 0.07
ONC MIDFRM 275 0.07 0.07 0.07 0.07 0.09 0.09 0.09 0.08 0.09 0.07 0.07 0.07
ONC TIDFRM 200 0.07 0.07 0.07 0.07 0.09 0.09 0.09 0.08 0.09 0.07 0.07 0.07
ONC SMUFRM 1271 0.07 0.07 0.07 0.07 0.09 0.09 0.09 0.08 0.09 0.07 0.07 0.07

Total Cal 33412
Loads
CY 2005 Daily Load Variances

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
SCE SCEFRM 11497 0.0081 0.0081 0.0081 0.0081 0.0100 0.0100  0.0100 0.0081 0.0121 0.0081 0.0081 0.0081
SCE AAAFRM 423 0.0081 0.0081 0.0081 0.0081 0.0100 0.0100  0.0100 0.0081 0.0121 0.0081 0.0081 0.0081
SCE BCRVFM 420 0.0081 0.0081 0.0081 0.0081 0.0100 0.0100  0.0100 0.0081 0.0121 0.0081 0.0081 0.0081
SCE DWRFRM 910 0.0081 0.0081 0.0081 0.0081 0.0100 0.0100  0.0100 0.0081 0.0121 0.0081 0.0081 0.0081
LADWP LADFRM 3366 0.0081 0.0081 0.0100 0.0100  0.0100 0.0121 0.0144 0.0121 0.0144 0.0121 0.0100 0.0081
SDG&E SDEFRM 2319 0.0049 0.0064  0.0049 0.0049 0.0064 0.0081 0.0081 0.0081 0.0100 0.0064  0.0049 0.0049
osC BGPFRM 442 0.0081 0.0064  0.0081 0.0081 0.0100 0.0100 0.0121 0.0100 0.0121 0.0100  0.0081 0.0081
0osC IIDOFM 474 0.0081 0.0064  0.0081 0.0081 0.0100 0.0100 0.0121 0.0100 0.0121 0.0100  0.0081 0.0081
PG&E PG&FRM 10987 0.0049 0.0049 0.0049 0.0049 0.0081 0.0081 0.0081 0.0064  0.0081 0.0049 0.0049 0.0049
ONC NCPFRM 393 0.0049 0.0049 0.0049 0.0049 0.0081 0.0081 0.0081 0.0064  0.0081 0.0049 0.0049 0.0049
ONC REDFRM 130 0.0049 0.0049 0.0049 0.0049 0.0081 0.0081 0.0081 0.0064  0.0081 0.0049 0.0049 0.0049
ONC SNCFRM 305 0.0049 0.0049 0.0049 0.0049 0.0081 0.0081 0.0081 0.0064  0.0081 0.0049 0.0049 0.0049
ONC MIDFRM 275 0.0049 0.0049 0.0049 0.0049 0.0081 0.0081 0.0081 0.0064  0.0081 0.0049 0.0049 0.0049
ONC TIDFRM 200 0.0049 0.0049 0.0049 0.0049 0.0081 0.0081 0.0081 0.0064  0.0081 0.0049 0.0049 0.0049
ONC SMUFRM 1271 0.0049 0.0049 0.0049 0.0049 0.0081 0.0081 0.0081 0.0064  0.0081 0.0049 0.0049 0.0049

Total Cal 33412

Number of Days Per Month 31 28 31 30 31 30 31 31 30 31 30 31
Weighted Daily Load Variances 0.0066 0.0066  0.0068 0.0068 0.0090 0.0093 0.0096 0.0079 0.0106 0.0071 0.0068 0.0066
Weighted Daily Load Standard Deviations 0.0811 0.0815  0.0823 0.0823 0.0948 0.0965  0.0980 0.0887 0.1028 0.0845 0.0823 0.0811
Monthly Load Standard Deviations 0.0146 0.0154  0.0148 0.0150 0.0170 0.0176 0.0176 0.0159 0.0188 0.0152 0.0150 0.0146
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Table 6.7:

California Load Variability

California Load Growth Uncertainty:

Forecasted Calendar Year (2002) Annual Average California Loads
Forecasted California Load Growth for 2002; Source: Aurora
Forecasted California Load Growth for 2003; Source: Aurora
Forecasted California Load Growth for 2004; Source: Aurora
Forecasted California Load Growth for 2005; Source: Aurora
Forecasted California Load Growth for 2006; Source: Aurora
Load Growth Std Dev; Source: PMDAM

Estimated Base Case Loads
CY 2002
CY 2003
CY 2004
CY 2005
CY 2006

Load Growth Dev from any specified forecasted load level
CY 2002
CY 2003
CY 2004
CY 2005
CY 2006

California Load Variability Due to Load Growth Uncertainty

Average Annual California Loads (Average Energy in aMW)
Callifornia Monthly Load Shapes (Source: AURORA)
Simulated Monthly California Loads (Average Energy in aMW)

California Load Risk Model for 2003 - 2006

31,960
0.00%
1.96%
2.68%
2.72%
2.70%
2.40%

Std Normal Dist - Using the Same as PNW

31,960
32,587
33,460
34,371
35,299

31960
32587
33460
34371
35299

California Load Variability Due to Load Growth and Weather Uncertainty

California Loads (Average Energy in aMW); (From California Load Growth Worksheet)
Monthly Load Standard Deviation (Derived, Via Simulation,
from Daily Load Standard Deviations in PMDAM)

Random California Non-Fed Loads (Average Energy in aMW)

0.0
0.0
0.0
0.0
0.0

Calendar Year 2003
Jan'03 Feb'03 Mar'03
32587 32587 32587
0.953 0.933 0.919
31067 30416 29960

Jan'03 Feb'03 Mar'03
31067 30416 29960

1.46% 1.54% 1.48%
31,067 30,416 29,960
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Apr '03
32587
0.925
30155

Apr '03

30155

1.50%
30,155

May '03
32587
0.955
31132

May '03

31132

1.70%
31,132

Jun '03
32587
1.063
34649

Jun '03

34649

1.76%
34,649

Jul'03
32587
1.125
36669

Jul '03

36669

1.76%
36,669

Aug '03
32587
1.167
38035

Aug '03

38035

1.59%
38,035

Sep '03
32587
1.075
35038

Sep '03

35038

1.88%
35,038

Oct '03
32587
0.971
31653

Oct '03

31653

1.52%
31,653

Nov '03 Dec '03 Average
32587 32587
0.943 0.961

30741 31328 32,570 aMW

Nov '03 Dec '03

30741 31328 32,570 aMW

1.50% 1.46%
30,741 31,328 32,570 aMW



Table 6.7: California Load Risk Model for 2004 (Continued)

California Load Variability

California Load Variability Due to Load Growth Uncertainty  calendar Year 2004

Jan '04
Average Annual California Loads (Average Energy in aMW) 33460
Callifornia Monthly Load Shapes (Source: AURORA) 0.953
Simulated Monthly California Loads (Average Energy in aMW) 31900

California Load Variability Due to Load Growth and Weather Uncertainty.

Jan '04
California Loads (Average Energy in aMW); (From California Load Growth
Worksheet) 31900
Monthly Load Standard Deviation (Derived, Via Simulation,
from Daily Load Standard Deviations in PMDAM) 1.46%
Random California Non-Fed Loads (Average Energy in aMW) 31,900

Feb '04
33460
0.933
31231

Feb '04

31231

1.54%
31,231

Mar '04
33460
0.919
30763

Mar '04

30763

1.48%
30,763
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Apr 04
33460
0.925
30963

Apr '04

30963

1.50%
30,963
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May ‘04
33460
0.955
31966

May '04

31966

1.70%
31,966

Jun '04
33460
1.063
35578

Jun '04

35578

1.76%
35,578

Jul '04
33460

1.125
37652

Jul '04

37652

1.76%
37,652

Aug '04
33460
1.167
39054

Aug '04

39054

1.59%
39,054

Sep '04
33460
1.075
35977

Sep '04

35977

1.88%
35,977

Oct '04
33460
0.971
32501

Oct '04

32501

1.52%
32,501

Nov '04
33460
0.943
31565

Nov '04

31565

1.50%
31,565

Dec '04
33460
0.961
32168

Dec '04

32168

1.46%
32,168

Average

33,443 aMW

33,443 aMW

33,443 aMW



Table 6.7: California Load Risk Model for 2005 (Continued)

California Load Variability

California Load Variability Due to Load Growth Uncertainty

Jan '05
Average Annual California Loads (Average Energy in aMW) 34371
Callifornia Monthly Load Shapes (Source: AURORA) 0.953
Simulated Monthly California Loads (Average Energy in aMW) 32767

California Load Variability Due to Load Growth and Weather Uncertainty.

Jan '05

California Loads (Average Energy in aMW); (From California Load Growth Worksheet) 32767
Monthly Load Standard Deviation (Derived, Via Simulation,

from Daily Load Standard Deviations in PMDAM) 1.46%

Random California Non-Fed Loads (Average Energy in aMW) 32,767

Calendar Year 2005

Feb '05
34371
0.933
32080

Feb '05

32080

1.54%
32,080

Mar '05
34371
0.919
31599

Mar '05

31599

1.48%
31,599

Apr '05
34371
0.925
31805

Apr '05

31805

1.50%
31,805
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May '05
34371
0.955
32836

May '05

32836

1.70%
32,836

Jun '05
34371
1.063
36545

Jun '05

36545

1.76%
36,545

Jul '05
34371
1.125
38676

Jul '05

38676

1.76%
38,676

Aug '05
34371
1.167
40117

Aug '05

40117

1.59%
40,117

Sep '05
34371
1.075
36956

Sep '05

36956

1.88%
36,956

Oct '05
34371
0.971
33385

Oct '05

33385

1.52%
33,385

Nov '05
34371
0.943
32424

Nov '05

32424

1.50%
32,424

Dec '05
34371
0.961
33043

Dec '05

33043

1.46%
33,043

Average

34,353 aMW

34,353 aMW

34,353 aMW



Table 6.7: California Load Risk Model for 2006 (Continued)

California Load Variability

California Load Variability Due to Load Growth Uncertainty

Jan '06
Average Annual California Loads (Average Energy in aMW) 35299
Callifornia Monthly Load Shapes (Source: AURORA) 0.953
Simulated Monthly California Loads (Average Energy in aMW) 33652

California Load Variability Due to Load Growth and Weather Uncertainty

Jan '06

California Loads (Average Energy in aMW); (From California Load Growth Worksheet) 33652
Monthly Load Standard Deviation (Derived, Via Simulation,

from Daily Load Standard Deviations in PMDAM) 1.46%

Random California Non-Fed Loads (Average Energy in aMW) 33,652

Calendar Year 2006

Feb '06
35299
0.933
32947

Feb '06

32947

1.54%
32,947

Mar '06
35299
0.919
32452

Mar '06

32452

1.48%
32,452

Apr ‘06
35299
0.925
32664

Apr '06

32664

1.50%
32,664
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May '06
35299
0.955
33722

May '06

33722

1.70%
33,722

Jun '06
35299
1.063
37532

Jun '06

37532

1.76%
37,532

Jul '06
35299

1.125
39720

Jul '06

39720

1.76%
39,720

Aug '06
35299
1.167
41200

Aug '06

41200

1.59%
41,200

Sep '06
35299
1.075
37954

Sep '06

37954

1.88%
37,954

Oct '06
35299
0.971
34286

Oct '06

34286

1.52%
34,286

Nov '06
35299
0.943
33299

Nov '06

33299

1.50%
33,299

Dec '06
35299
0.961
33935

Dec '06

33935

1.46%
33,935

Average

35,280 aMW

35,280 aMW

35,280 aMW



Graph 6.6: Simulated California Loads for 2003 - 2006
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6.9 Natural GasPrice Risk Factor

Variability in natural gas pricesisincorporated into the Risk Analysisto account for the impact
that natural gas price risk has on monthly HLH and LLH electricity prices--which impacts BPA’s
surplus energy revenues and power purchase expenses. Thisimpact is accounted for by

inputting into the AURORA Model the simulated real monthly natural gas prices from the
Natural Gas Price Risk Model and having AURORA estimate the associated nominal monthly
HLH and LLH electricity pricesfor each smulation. See Chapter 4 of the Study, regarding the
AURORA Modsd.

The Natural Gas Price Risk Model is designed to simulate various gas price patterns through
time. The modeling method used to simulate gas price patterns through time is a mean-reverting,
random-walk technique. The random-walk technique simulates monthly natural gas prices
through time with the starting point for simulating the natural gas price in a given month being
the monthly natural gas price from the prior month. Under this method, simulated monthly
natural gas prices randomly increase and decrease through time from the natural gas price of the
prior month. The mean-reverting technique increases the likelihood that simulated natural gas
price movements over time will tend to move toward (rather than randomly away from) the mean
(or forecasted) prices, with this tendency to move toward the mean prices increasing the greater

the difference between the simulated and the forecasted prices.

6.9.1 InputsintotheNatural GasPrice Risk Model. The Natural Gas Price Risk Moddl is
designed to simulate variable natural gas prices based on the natural gas price forecast used in
the AURORA Model. See Chapter 4 of the Study, regarding the AURORA Model. To
accomplish this task, forecasted average annual delivered natural gas prices (inrea $) to
southern Californiafor 2003-2006 and monthly gas price shape data (values relative to 1.00)

from AURORA are input into the Natural Gas Price Risk Model. Id. With this data, the
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deterministic forecasted monthly pricesin AURORA are calculated in the Natural Gas Price
Risk Model by multiplying the annual average natural gas prices by the monthly gas price
shapes.

Additional information input into the Natural Gas Price Risk Model are minimum and maximum
delivered gas price constraints (in real $) and monthly standard deviations for natural gas prices
calculated from historical monthly spot market gas prices in terms of price movements from one
month to the next month. Minimum and maximum delivered gas price constraints used in the
Natural Gas Risk Model are $1.50/MMBTU (Million British Thermal Units) and
$20.000MMBTU. These price constraints are determined based on BPA’s professional

judgment.

Historical monthly spot market gas prices used to cal cul ate the standard deviations for month-to-
month price movements are for Ignacio, Colorado from January 1989 through December 2002.
Monthly price variability is estimated in terms of month-to-month price changes so that price
movements through time could be modeled using the random-walk technique. The month-to-
month price changes were measured in terms of taking the natural logarithm of the ratio between
each monthly price and the prior monthly price. The monthly price variability was computed by
taking the standard deviation of these natural logarithm values. This approach allowed natural
gas pricerisk to be reflected in a normal probability distribution of natural log values, and once
these natural log values were sampled, they were then converted into alognormal probability

distribution of normal (non-logged) values by taking the antilog of the natural log values.

6.9.2 Modeling Natural GasPrice Variability. Statistical parameters needed to quantify
risk in probability distributions in the Natural Gas Price Risk Model are developed from the
Ignacio price data. This quantification allows the variability in the historical natural gas price

datafor Ignacio to be incorporated into the Natural Gas Price Risk Model. This processis
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performed in the following manner: (1) the changes in gas prices from one month to the next
month for all months from January 1989 through December 2002 are calculated by dividing each
monthly price by the prior monthly price and taking the natural logarithm; (2) the lognormal
price changes according to month are accumulated; and (3) the standard deviation for all
lognormal price changes for each month are calculated. This process resultsin standard
deviations being calculated from 14 price deltas for all months of the year except for January
(which is derived from a set of 13 price deltas). Table 6.8 contains the historical Ignacio
monthly spot market natural gas prices and the cal culations used to derive these statistical

parameters.

The monthly standard deviations and the largest allowable monthly standard deviation values
were input into truncated standard normal probability distributionsin @RISK. A truncated
standard normal distribution is anormal distribution having a mean of zero, a standard deviation
of one, and a specified maximum and minimum value that sets an upper and lower bound on the
values that can be sampled. Inthe @RISK computer software, thisinformation is entered into a

truncated normal probability distribution as follows:

RiskTNormal(Mean = 0, Standard deviation = 1, Min value =, Max value =).
(Where RiskTNormal = truncated normal probability distribution in @RISK)

Under this methodology, the positive and negative values sampled from the truncated standard
normal distributions are the number of standard deviations of arandom price movement. The
number of standard deviations sampled from the monthly truncated standard normal distributions
in the Natural Gas Price Risk Model are multiplied by the monthly standard deviations and the
antilog of these natural logarithm price changes are multiplied times the s mulated natural gas

price for the prior month to derive each subsequent monthly price.
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Table 6.8: Statistical Parameter Calculations for Natural Gas Price Risk Model

Ignacio Monthly Spot Gas Prices ($/MMBTU)

1 2 3 4 5 6 7 8 9 10 11 12 Annual
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Average
1989 2.22 2.13 2.03 2.16 2.16 2.09 211 2.09 2.00 1.97 2.13 2.86 2.16
1990 3.27 2.27 1.80 181 1.78 1.82 1.78 1.75 1.73 2.13 2.42 2.30 2.07
1991 1.97 1.42 1.24 1.29 1.25 1.22 1.24 1.32 1.50 1.52 2.01 2.01 1.50
1992 1.47 1.33 1.41 1.60 1.69 1.76 1.85 2.11 2.50 2.45 2.41 2.47 1.92
1993 2.30 1.97 2.39 2.25 2.10 1.95 2.06 2.21 2.32 2.12 2.22 2.30 2.18
1994 2.07 2.38 2.14 1.96 1.84 1.70 1.77 1.76 1.48 1.45 1.66 1.77 1.83
1995 1.41 1.22 1.21 1.25 1.27 1.26 1.11 1.33 1.39 1.30 1.35 1.38 1.29
1996 1.30 1.31 1.26 1.24 121 1.40 1.86 2.01 1.66 1.96 2.82 3.72 1.81
1997 3.73 2.56 1.69 1.81 2.00 2.07 2.14 2.37 2.75 2.90 3.09 2.26 2.45
1998 2.08 2.02 2.16 2.27 2.02 1.76 1.97 1.85 1.78 1.78 2.00 1.83 1.96
1999 1.82 1.69 1.56 1.83 2.07 2.09 2.08 2.46 2.45 2.59 2.32 2.29 2.10
2000 2.26 2.43 2.61 2.77 3.07 4.36 3.74 3.45 4.16 4.55 5.16 7.72 3.86
2001 8.08 5.62 4.76 4.55 3.49 2.64 241 2.52 1.81 2.07 2.16 2.23 3.53
2002 2.02 2.04 2.59 2.53 2.40 2.23 2.45 2.34 2.31 2.66 3.24 3.71 2.54
Min 1.30 1.22 121 1.24 121 1.22 1.11 1.32 1.39 1.30 1.35 1.38 1.29
Avg 2.57 2.17 2.06 2.09 2.03 2.02 2.04 2.11 2.14 2.23 2.47 2.74 2.10
Max 8.08 5.62 4.76 4.55 3.49 4.36 3.74 3.45 4.16 4.55 5.16 7.72 3.86
Stdev 1.72 1.09 0.92 0.85 0.65 0.77 0.62 0.54 0.78 0.87 0.97 1.67 O.636|
Ignacio Month-to-Month Spot Gas Price Deltas ($/MMBTU)
1989 -0.05 -0.05 0.07 0.00 -0.03 0.01 -0.01 -0.04 -0.02 0.08 0.29
1990 0.14 -0.37 -0.23 0.00 -0.02 0.02 -0.02 -0.02 -0.01 0.21 0.13 -0.05
1991 -0.16 -0.33 -0.13 0.04 -0.03 -0.02 0.02 0.06 0.12 0.01 0.28 0.00
1992 -0.31 -0.10 0.06 0.13 0.05 0.04 0.05 0.13 0.17 -0.02 -0.02 0.02
1993 -0.07 -0.15 0.19 -0.06 -0.07 -0.08 0.05 0.07 0.05 -0.09 0.05 0.03
1994 -0.10 0.14 -0.11 -0.09 -0.06 -0.08 0.04 -0.01 -0.17 -0.02 0.13 0.06
1995 -0.22 -0.14 -0.01 0.03 0.02 -0.01 -0.12 0.18 0.05 -0.07 0.04 0.02
1996 -0.07 0.01 -0.04 -0.02 -0.02 0.15 0.28 0.08 -0.19 0.16 0.36 0.28
1997 0.00 -0.38 -0.42 0.07 0.10 0.03 0.03 0.10 0.15 0.05 0.07 -0.31
1998 -0.08 -0.03 0.07 0.05 -0.11 -0.14 0.11 -0.06 -0.04 0.00 0.12 -0.09
1999 -0.01 -0.07 -0.08 0.16 0.12 0.01 -0.01 0.16 0.00 0.05 -0.11 -0.01
2000 -0.01 0.07 0.07 0.06 0.10 0.35 -0.15 -0.08 0.19 0.09 0.13 0.40
2001 0.05 -0.36 -0.17 -0.05 -0.27 -0.28 -0.09 0.04 -0.33 0.13 0.04 0.03
2002 -0.10 0.01 0.24 -0.02 -0.05 -0.07 0.09 -0.05 -0.01 0.14 0.20 0.14
Average -0.07 -0.12 -0.04 0.03 -0.02 -0.01 0.02 0.04 -0.01 0.05 0.11 0.06
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Table 6.8: (Continued)

Ignacio Month-to-Month Spot Gas Price Deltas from Average ($/MMBTU)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1989 0.08 0.00 0.04 0.01 -0.03 -0.01 -0.05 -0.04 -0.06 -0.03 0.23
1990 0.21 -0.24 -0.19 -0.02 0.00 0.03 -0.05 -0.06 0.00 0.16 0.02 -0.11
1991 -0.08 -0.20 -0.09 0.01 -0.01 -0.01 0.00 0.02 0.13 -0.03 0.17 -0.06
1992 -0.24 0.02 0.10 0.10 0.07 0.05 0.03 0.09 0.17 -0.07 -0.12 -0.04
1993 0.00 -0.03 0.24 -0.09 -0.05 -0.07 0.03 0.03 0.05 -0.14 -0.06 -0.03
1994 -0.03 0.26 -0.06 -0.12 -0.04 -0.08 0.02 -0.05 -0.17 -0.06 0.03 0.00
1995 -0.15 -0.02 0.03 0.01 0.03 0.00 -0.14 0.13 0.05 -0.11 -0.07 -0.04
1996 0.01 0.14 0.00 -0.05 0.00 0.15 0.26 0.03 -0.18 0.12 0.26 0.22
1997 0.07 -0.25 -0.37 0.04 0.12 0.04 0.01 0.06 0.16 0.01 -0.04 -0.37
1998 -0.01 0.09 0.11 0.02 -0.10 -0.13 0.09 -0.10 -0.04 -0.05 0.01 -0.15
1999 0.07 0.05 -0.04 0.14 0.14 0.02 -0.03 0.12 0.00 0.01 -0.22 -0.07
2000 0.06 0.20 0.11 0.04 0.12 0.36 -0.17 -0.12 0.19 0.04 0.02 0.34
2001 0.12 -0.24 -0.12 -0.07 -0.25 -0.27 -0.11 0.00 -0.33 0.09 -0.06 -0.03
2002 -0.03 0.13 0.28 -0.05 -0.04 -0.07 0.07 -0.09 -0.01 0.10 0.09 0.08
Avg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
|Stdev of Deltas 0.115 0.172 0.170 0.071 0.100 0.142 0.107 0.083 0.148 0.090 0.118 0.178]
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The mean-reversion methodology was modeled using an algorithm and a set of monthly mean
reversion decay parameters (decay parameters) that adjust the value of the mean in each of the
monthly truncated standard normal distributions from the typical constant of zero. The mean-

reversion methodol ogy was modeled as follows:

Simulated monthly price changes = RiskTNormal (Monthly mean-reversion decay parameters *
(1 - Simulated mean-reversion ratios), 1 - Maximum monthly standard deviation, + Maximum

monthly standard deviation) * monthly standard deviations

Where

RiskTNormal = Truncated normal probability distribution in @RISK